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Description 

This invention relates to DNA viruses. 

Papillomaviruses are a group of small DNA 
viruses that cause warts and other diseases in 
humans and other animals. One type of papil- 
lomavirus is the bovine papillomavirus (BPV)- 

The upstream regulatory region (URR) that im- 
mediately precedes the early genes of BPV con- 
tains important cis-acting regulatory signals, includ- 
ing an origin of DNA replication (Lusky et a!., 36 
Cell 391 (1984)) and several promoters that func- 
tion in early gene transcription (Stenlund et al., 182 
J. Mol. Bio. 541 (1985)). Recent studies have 
shown that the URR also contains an enhancer 
element that can activate transcription of these 
promoters and of heterologous promoters in a 
manner that is independent of the enhancer's posi- 
tion and orientation relative to the promoter it ac- 
tivates. This enhancer is conditional in that it stimu- 
lates transcription when it is activated by a gene 
product of the BPV E2 open reading frame (ORF) 
(Spalholz et al.,42 Cell 183 (1985)). 

According to a first aspect of the present in- 
vention there is provided a composition for inhibit- 
ing the growth of a virus, the DNA of the virus 
comprising the nucleic acid sequence 5'ACCXNNN- 
PyCGGTXY3', wherein each N, X and Y indepen- 
dently represents any nucleotide, and Py repre- 
sents C or T, the nucleic acid sequence being 
capable of binding to a protein encoded by the 
DNA of the virus, the protein, upon binding to the 
nucleic acid sequence, being capable of causing 
the enhancement of the transcription of DNA of the 
virus, 

the composition comprising a substance for 
inhibiting the protein from binding to the nucleic 
acid sequence to repress the transcription of DNA 
of the virus to inhibit the growth of the virus. 

In a preferred embodiment the substance com- 
prises a nucleic acid of at least 14 base pairs that 
has a 14 base pair region of at least 80 percent 
homology with the nucleic acid sequence, the nu- 
cleic acid fragment being capable ol binding to the 
protein and thereby preventing the protein from 
binding to the nucleic acid sequence. 

Preferably, the nucleic acid comprises the se- 
quence 5'ACCXNNNPyCGGTXY3\ wherein each of 
N t X and Y independently represents any 
nucleotide, and Py represents C or T. 

It is also preferred that the nucleic acid com- 
prises the sequence 3TGGVNNNPuGCCAVW5\ 
wherein each N, V and W independently repre- 
sents any nucleotide, and Pu represents G or A. 

The nucleic acid preferably comprises 200 
base pairs or less. 

Preferably, X represents C and Y represents G, 
and it is also preferred that V represents G and W 



represents C. 

The virus is preferably a papillomavirus, and 
the protein is preferably a papillomavirus E2 pro- 
tein. 

5 A particularly preferred virus is a human papil- 

lomavirus, or a bovine papillomavirus. 

In another preferred embodiment the sub- 
stance comprises a blocking' protein capable of 
binding to the nucleic acid sequence without caus- 

w ing an enhancement of the transcription, thereby 
preventing the protein encoded by the DNA of the 
virus from binding. 

Preferably, the protein comprises an amino 
acid sequence that is substantially similar to the 

15 amino acid sequence comprising the DNA binding 
domain of an E2 protein. 

The DNA binding domain is preferably located 
with the 135 amino acids of the C-terminal end of 
an E2 protein, more preferably within the 110 ami- 

20 no acids of the C-terminal end of an E2 protein. 

It is preferred that the DNA binding domain is 
located within amino acids 10-135 of the C-terminal 
end of an E2 protein, wherein amino acid 1 is the 
carboxy terminal amino acid, more preferably with- 

25 in amino acids 10-110 of the C-terminal end of an 
E2 protein, wherein amino acid 1 is the carboxy 
terminal amino acid. 

According to a second aspect of the present 
invention there is provided a method of inhibiting 

30 the growth of a virus whose DNA comprises the 
nucleic acid sequence 5ACCXNNNPyCGGTXY3' 
wherein each N, X and Y is independently, any 
nucleotide, and Py is C or T; the nucleic acid 
sequence being capable of binding to a protein 

35 encoded by the DNA of the virus, the protein, upon 
binding to the nucleic acid sequence, being ca- 
pable of causing the enhancement of the transcrip- 
tion of DNA of the virus, the method comprising 
inhibiting the protein from binding to the nucleic 

40 acid sequence to repress the transcription of DNA 
of the virus to inhibit the growth of the virus. 

The expression, replication and growth of the 
virus is inhibited by preventing the E2 protein from 
binding to the nucleic acid sequence (e.g.. by 

45 introducing a substance that blocks the binding) 
and preventing E2 protein mediated enhancement 
of transcription. 

In a preferred embodiment, the method in- 
cludes contacting the viral DNA with a nucleic acid 

so of at least 14 base pairs (and preferably less than 
200 base pairs) that has a 1 4 base pair region of at 
least 80 percent homology (excluding N, Py, X or 
Y) with the above nucleic acid sequence; the nu- 
cleic acid binds to the protein and thereby prevents 

55 the protein from binding to the nucleic acid se^ 
quence. 

In another preferred embodiment, the method 
included contacting the viral DNA with a blocking 
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protein capable of binding to the nucleic acid se- 
quence but does not enhance the transcription of 
the DNA of the virus, thereby prevent the protein 
encoded by the DNA of the virus from binding to 
the nucleic acid sequence. Preferably the protein 
includes an amino acid sequence that is substan- 
tially similar to the amino acid sequence that in- 
cludes the DNA binding domain of an E2 protein. 
Substantially similar, as used herein, means that 
the sequences are at least 80% (more preferably at 
least 90%) homologous. Preferably, the DNA bind- 
ing domain is located within 135 amino acids, more 
preferably, 110 amino acids, of the C-terminal end 
of all E2 protein. The DNA binding domain is 
preferably located within amino acids 10-135, more 
preferably 10-110 of the C-terminal end of an E2 
protein, where amino acid 1 is the carboxy terminal 
amino acid. 

In a preferred feature, the virus is a papil- 
lomavirus, more preferably, a bovine papillomavirus 
or a human papillomavirus and preferably the pro- 
tein is an E2 protein. 

In a preferred feature the nucleic acid com- 
prises an oligonucleotide consisting of between 14 
and 200 base pairs, preferably one strand of which 
contains the sequence 5'ACCXNNNPyCGGTXY3', 
wherein each N, X and Y independently, any 
nucleotide, and Py is C or T. Alternatively, in 
another preferred feature the nucleic acid com- 
prises the sequence, 3'TGGVNNNPuGCCAVW5'. 
wherein each N, V and W is independently, any 
nucleotide, and Pu is G or A. 

Preferably X is C and Y is G. It is also prefer- 
able that V is G and W is C. 

According to a third aspect of the present 
invention there is provided the use of a substance 
for inhibiting a protein from binding to a nucleic 
acid sequence to repress the transcription of DNA 
of the virus to inhibit the growth of the virus, in a 
process for the preparation of an agent for inhibit- 
ing the growth of a virus, the DNA of the virus 
comprising the nucleic acid sequence 5'ACCXNNN- 
PyCGGTXY3' wherein each N f X and Y indepen- 
dently represent any nucleotide and P represents 
C or T, the nucleic acid sequence being capable of 
binding to a protein encoded by the DNA of the 
virus, the protein, upon binding to the nucleic acid 
sequence, being capable of causing the enhance- 
ment of the transcription of DNA of the virus. 

Preferred features of the third aspect are as for 
the first aspect and the second aspect. 

The invention provides a simple way to treat 
warts in humans and a variety of diseases in other 
animals with compounds that are inexpensive and 
easy to make. The E2 binding site is present in all 
known papillomaviruses, and thus any disease 
caused by a papillomavirus can be treated accord- 
ing to the methods of the invention. Moreover, 



because the protein enhancer interaction that the 
compounds block is specific to the viruses being 
treated, the compounds should not adversely affect 
cells that are not infected with a papillomavirus. 
5 Other features and advantages of the invention 

will be apparent from the following description of 
the preferred embodiments given by way of exam- 
ple only and from the claims: 

The drawings will first briefly be described. 
10 Fig. 1 is a diagrammatic representations of the 

BPV-1 genome and of the vector pCOE2-1. 

Fig 2. is a restriction endonclease map of the 
enhancer region of BPV-1. 

Fig. 3 are DNA sequences that are bound by 
rs the E2 protein of BPV-1. 

Fig. 4 is a diagrammatic representation of E2 
proteins. 

The E2 binding sequence 5'ACCXNNNPyCGG- 
TXY3', where X, N and Y are as described above in 

20 the statements of the invention, is found in all 
known papillomaviruses. Each type of papil- 
lomavirus, e.g., BPV-1, H(human)PV-1, HPV-5, etc., 
contains a gene (the E2 gene) that encodes a 
protein (the E2 protein) that binds to the E2 binding 

25 sequence and acts as the transactivating protein of 
the E2 enhancer. E2 proteins of the various strains 
of papillomaviruses have closely homologous ami- 
no acid sequences. 

Referring to Rg. 1A, an example of a papil- 

30 lomavirus genome, the 8 kb BPV-1 genome (linear- 
ized at the Hindlll site), is depicted in nucleotide 
coordinates, with the Hpa l site being at nucleotide 
1. E1-8 are the "early region" (expressed in cul- 
tured cells) open reading frames (ORF). URR is the 

35 upstream regulatory region. 

The E2 binding site (or sequence) is located at 
several places in the URR and at other sites in the 
genome of BPV-1 and other papillomaviruses. E2 
proteins bind to the binding sites and enhance the 

40 transcription of DNA. Inhibition of this binding re- 
presses the transcription of the DNA and thus 
inhibits viral growth 

There are two preferred methods of inhibiting 
the binding of an E2 protein. 

45 In the first preferred method, a nucleic acid 

that includes the DNA sequence of the E2 binding 
site is transferred into cells containing the viral 
DNA. The nucleic acid binds to the E2 protein that 
is present in the papillomavirus infected cell, and 

so thus prevents the protein from binding to the nu- 
cleic acid sequence in the viral genome. 

In the second preferred method, a protein that 
is capable of binding to the above nucleic acid 
sequence but which does not enhance transcription 

55 is introduced into the cells. The protein binds to the 
sequence, thus preventing the E2 protein encoded 
by the viral DNA from binding and, accordingly, 
preventing the enhancement of transcription. 
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The structure, method of production, and char- 
acterization of E2 proteins, E2 protein-binding nu- 
cleic acids, and proteins capable of binding to 
nucleic acid sequences in the E2 DNA binding site 
without enhancing transcription are described next. 

E2 Proteins 

The E2 gene has been identified in the 
genomes of a variety of papillomaviruses, including 
in human strains such as HPV-1, HPV-5, HPV-6, 
HPV-8, HPV-1 6, HPV-1 8, and HPV-31. The DNA 
sequences of many of these papillomaviruses are 
readily accessible, e.g., in GenBank; the DNA se- 
quence for BPV-1 is described in Chen et al., 7 
Nature 529 (1982). Where the DNA sequence of an 
E2 gene is known, the structure of the E2 protein 
encoded can be readily identified, and the protein, 
or portion thereof, can be synthesized by standard 
methods. 

The E2 protein of a particular papillomavirus 
whose DNA is not sequenced can also be readily 
obtained by those skilled in the art. In general, the 
DNA of a particular papillomavirus is fragmented, 
and a standard Southern Blot performed to find the 
fragment that is homologous to the below de- 
scribed E2 gene segment of BPV-1 (or any other 
appropriate papillomavirus E2 gene segment). If 
the fragment that binds to the BPV-1 E2 gene 
segment is large, e.g., 2000 base pairs, the frag- 
ment can be further digested with restriction en- 
zymes until a smaller fragment is isolated with the 
appropriate homology. The fragments are subclon- 
ed into an expression vector, and the clones are 
screened to determine which ones produce a pro- 
tein that binds to the E2 binding sequence (see 
below). 

A segment of the E2 protein of BPV-1 that 
contains the DNA binding domain was produced 
and characterized as follows. 

Referring to Fig. 1, the 3' three-fourths of the 
BPV-1 E2 ORF was cloned into pCO-5, an expres- 
sion vector that contains the phage lambda P L 
promoter, and fused to the amino terminal end of 
the lambda ell protein, as described by Androphy 
et al.. 230 Science 442 (1985). The Narl to Bam HI 
fragment (nucleotides (nt) 2944-4450) of BPV-1 
was inserted into the Cla l /Bam HI site of pCO-5, 
fusing the P L promoter, a ribosome binding site, 
and 13 amino acids of the phage ell N-terminus to 
the E2 protein segment encoding DNA. The result- 
ing vector, pCOE2-1 # directs the synthesis of 13 N- 
terminal amino acids of ell followed in-frame by the 
297 carboxy terminal amino acids of the BPV-1 E2 
protein (the first in-frame stop codon is at nt 3838) 

The above clone was introduced into an E. coli 
strain N6405 (230 Science 442; many other well- 
known strains can also be used) that contains the 



lambda cl 357 ts repressor of P L . The bacteria were 
grown in minimal medium at 32 • C, induced at 42 # 
for 15 minutes, and labeled with 35 S-methionine for 
15 minutes. After sequential treatment of the bac- 

5 teria with lysozyme and DNAase I, proteins were 
solubilized with 4 M urea/1 mM dithiothreitol (DTT). 
At this point, approximately two percent of total 
bacterial protein is the 37 kilodalton (kDa) E2 fusion 
protein segment. 

w In order to produce antibodies to the E2 protein 

segment, the 37 kDa band was extracted from 
SDS-polyacrylamide gels and used with Freund's 
adjuvant to immunize rabbits at 3- to 4-week inter- 
vals. This resulted in rabbit sera with antibodies 

15 that recognized the E2 fusion protein segment but 
did not cross-react with bacterially synthesized 
BPV E6 or H-ras fusion proteins that had the same 
ell amino-terminus. This result indicates that the 
sera recognized E2 specific epitopes and not the 

20 ell portion of the protein. 

A band of the same molecular weight was also 
immunoprecipitated with antisera raised against an 
in vitro synthesized peptide derived from the pre- 
dicted BPV-1 E2 protein sequence, confirming that 

25 the 37 kDa band was a BPV-1 E2 fusion protein 
segment. 

E2 protein-binding DNA 

30 To test the ability of an E2 protein to specifi- 
cally bind to a papillomavirus* DNA, a stringent 
DNA immunoprecipitation assay was used (145 J. 
Mol . Biol . 471 (1981); Androphy et al., 325 Nature 
70 (1987)). Labeled DNA fragments are first in- 

35 cubated with protein-antibody complexes linked to 
insoluble Sepharose beads in the presence of ex- 
cess unlabeled competitor DNA. After the com- 
plexes are washed several times to remove the 
unbound fragments, the bound fragments are dis- 

40 associated and analyzed by gel electrophoresis. 

The following is an example of the above de- 
scribed assay. 

Fifty ng of the partially above purified BPV-1 
E2 protein segment (50% by aery lam ide gel analy- 

45 sis) was diluted with DIB (20 mM HEPES pH 7.2. 
150 mM KCI, 0.05% NP 40, 1 mM EDTA, 1 mM 
DTT, 1% aprotinin) and incubated at 4*C with E2 
specific antisera. Complexes were collected with 
protein A-Sepharose and washed with DIB. After 

so restriction endonuclease digestion and end-labeling 
with 32 P-dNTPs using the Klenow fragment of DNA 
Polymerase I, 20 ng of DNA were added in 0.2 ml 
of DIB containing 400 ng of unlabeled pML2d 
(Lusky et al., 293 Nature 79 (1981)). After 1 hour at 

55 37 *C. the complexes were pelleted and washed 4 
times with DIB, dissociated in 1% SDS at 65 -C, 
phenol-chloroform extracted, and the released DNA 
ethanol precipitated after the addition of carrier 
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DNA. The resuspended DNA was denatured and 
analyzed on standard acrylamide sequencing gels 
or on a gradient sequencing gel. 

In the initial DNA binding experiment, the full 
length 8 kilobase (kb) BPV genome was digested 
with a combination of Bam HI, Hindlll, and Sau96l 
endonucleases and then end labeled with 32 P. Two 
fragments were specifically bound by the BPV-1 
E2 protein segment-antibody complexes. One frag- 
ment had 498 bp (nt 6958-7456), and the other had 
233 bp (nt 7586-7816). Both fragments are within 
the segment of the URR that has enhancer activity. 
Specific binding occurred over a pH range of 6.8 to 
7.4, a temperature range from 4 " to 37 • C. and in 
concentrations of the detergent NP40 from 0.05 to 
0.5 percent. In control experiments, no DNA bind- 
ing was detected when pre-immune sera was used 
in the assay or when the same c!l peptide was 
linked to the BPV E6 protein or the H-ras protein 
and the assay performed with either the E2 an- 
tisera or antisera that recognize the E6 or H-ras 
peptides. Accordingly, the binding of the two frag- 
ments is due to a sequence specific interaction 
with the E2 fusion protein segment. The BPV E2 
fusion protein segment also reacts specifically with 
the HPV16 URR (Seedorf et af., 145 Virology 181 
(1985)). with binding to a single 88 bp fragment (nt 
24-112). Neither the SV40 genome nor the Harvey 
murine sarcoma virus LTR, which both contain en- 
hancers, possess sequences that are specifically 
recognized by the E2 protein segment in this as- 
say, indicating that DNA sequences recognized by 
the peptide are not common to other enhancer 
elements. 

When the BPV fragments are thermally de- 
natured prior to incubation with the E2-antibody 
complexes, all of the single strand fragments above 
100 nt are bound, indicating that the E2 protein 
segment binds to single stranded DNA non-specifi- 
cally. 

Since other sequence specific DNA binding 
proteins may bind DNA nonspecifically when as- 
sayed under conditions of protein excess, the 
above experiments were performed with low con- 
centrations of the E2 protein segment. When more 
of the E2 protein segment was used in the assay, 
two additional binding sites in the BPV-1 genome 
were revealed. One is in a 219 bp fragment that is 
located further upstream in the URR (nt 7819-93), 
and the other is in a 355 bp fragment located in the 
E2 ORF (nt 2904-3259). Thus, there are several E2 
binding sites within the BPV genome most are 
located within the URR, and there is a hierarchy in 
the affinities of these sites for the peptide. At least 
one additional binding site was also detected in the 
HPV16 genome when the concentration of E2 pro- 
tein segment was increased. 



In order to more precisely determine the num- 
ber and location of the high affinity E2 binding 
sites, the 987 bp Hindlll to Hpal (nt 6958-7945) 
URR fragment was isolated, and the ability of the 

5 E2 protein segment to recognize this segment after 
digestion with various restriction endonucleases 
was tested (Fig. 2). Three fragments of 395, 275, 
and 60 bp were immunoprecipitated after Fokl di- 
gestion; Dde l and Taq l revealed two binding frag- 

io ments of 317 and 70 bp; and digestion with Hpa ll 
and Sau96l generated two binding fragments of 
179 and 56 base pairs. Since the 56, 60, and 70 bp 
fragments that were bound by the peptide are non- 
overlapping, the E2 protein segment recognizes at 

is least three high affinity elements in the URR, lo- 
cated between nt 7366-7406, nt 7624-7683, and nt 
7767-7822 (Fig. 2). The results also demonstrate 
the ability of the E2 complexes to specifically and 
efficiently bind small DNA fragments. 

20 The DNA sequences of the fragments to which 
the peptide bound were compared to determine if 
they contain common sequences (Fig. 3). All of the 
fragments that specifically bound the E2 protein 
segment contain a similar motif which has the 

25 consensus sequence of 5' ACC(G)NNNPyCGGT- 
(GC)3' (nucleotides in parentheses are preferred 
but not invarient; N can be any nucleotide, and Py 
can be C or T). This motif is found on either strand 
of the DNA, and in two instances two copies are in 

30 close proximity to each another (sites l-IV in Fig. 
2). Site I is not bound in the Hpa ll -Sau 96l digest 
and Hpa ll cleaves the putative E2 recognition se- 
quence of this site segments. Sequence analysis of 
BPV and HPV16 indicated that the motif is limited 

35 to those segments that are recognized by the E2 
protein segment. Sequences similar to this motif 
have been reported in the URRs of all other papil- 
lomaviruses that have been sequenced (Dartman et 
at., 151^ Virology 124 (1986)). The sequences are 

40 note however, present in the other viral genomes 
surveyed in a computer search, including SV40, 
Polyoma, Bovine leukemia virus, and Moloney 
murine leukemia virus. 

45 Inhibition of E2 Protein Binding 

The ability of a 23 bp URR fragment that 
includes the consensus sequence to inhibit the 
specific binding of the BPV-1 E2 protein segment 

so to BPV DNA was examined in a competitive inhibi- 
tion assay. The ability of a 23 bp URR fragment 
that does not contain the consensus sequence to 
inhibit the binding also was examined. 

Assays were performed using 25 mg of the 

55 BPV-1 E2 protein segment in the DNA precipitation 
procedure described above, except that 1-1000 ng 
of competing unlabeled fragment was added to the 
labeled BPV DNA prior to its incubation with the 
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antibody-E2 complexes. The competing double- 
stranded DNA fragment contained either the se- 
quence 5'CGTCA AACCGTCTTCGGTGC TC3' (the 
E2 binding site sequence lllb is underlined), or 
5'GCGCATAATCAGCTTAATTGGTG3' (no E2 bind- 
ing site sequence). 

The fragment that includes the E2 binding site 
sequence effectively blocked the immunoprecipita- 
tion of the BPV fragments; it was approximately 
one thousand times more effective than the 23 bp 
fragment not containing the consensus sequence. 

Single stranded oligonucleotides containing the 
sequences did not block the immunoprecipitation 
of the double stranded BPV DNA fragments. 

E2 Specific DNA Binding Activity in BPV Trans- 
formed Cells 

Protein fractions from isolated nuclei of BPV 
transformed C127 cells (ID14) and control C127 
cells were tested for the presence of specific DNA 
binding activity that could be immunoprecipitated 
by the E2 antisera in the DNA immunoprecipitation 
assay as described above. The 233 bp Sau96l BPV 
URR fragment, which contains four of the binding 
motifs, was specifically bound and im- 
munoprecipitated with the ID14 extract but not with 
the C127 extract. The DNA fragment was im- 
munoprecipitated by the anti-E2 sera but not by 
the preimmune sera, indicating that the binding 
protein has E2 specific epitopes. 

The immunoprecipitation of the 233 bp frag- 
ment was competively blocked by the 23 bp frag- 
ment that contained the E2 binding site sequence 
but not by the fragment that lacked a sequence, 
indicating that the BPV transformed cells synthe- 
size an E2 protein and that the E2 protein in BPV 
transformed cells has the same DNA binding speci- 
ficity as that of the bacterially synthesized E2 pro- 
tein. 

Protein Binding to E2 Binding Site Sequence 

Referring to Fig. 4, the DNA binding domain of 
E2 proteins, i.e., the portion of the protein responsi- 
ble for the DNA binding activity, is located in the 
1 35 amino acids that comprise the C-terminal seg- 
ment of the molecules (amino acid 1 being the 
carboxy terminal amino acid). In particular, the 
DNA binding domain is substantially located be- 
tween amino acids 10 and 110. The transcription 
enhancement activity domain of E2 proteins is at 
least in part located in the N-terminal segment (the 
segment between amino acid 297 and the N-termi- 
nal amino acid) of the molecules. 

Introducing into a papillomavirus infected cell a 
protein that contains the DNA binding domain of an 
E2 protein, but which does not include the tran- 



scription enhancement domain, blocks E2 protein 
binding sites without enhancing the transcription of 
viral DNA Suitable blocking proteins include (a) 
those segments of E2 proteins consisting of the 

5 DNA binding domain; (b) segment (a) plus some or 
all of the remainder of amino acids 1-110, or 10- 
110, of the C-terminal segment; (c) segments (a) or 
(b) plus some or all of amino acids 110-297 of an 
E2 protein; (d) segment (c), plus all or some of the 

io amino acids in the N-terminal segment of an E2 
protein that are not responsible for transcription 
enhancement activity; and (e) any of the above 
segments having non-E2 protein amino acid se- 
quences added to either the N or C-terminal end of 

is the segment Preferably, the protein does not con- 
tain more than 500 (more preferably 180, most 
preferably 135) amino acids. 

The above segments can be readily synthe- 
sized using standard recombinant DNA techniques, 

20 or solid phase synthesis techniques. 

To determine if a particular segment, e.g., one 
that consists of less than amino acids 10-110 of the 
C-terminal segment of an E2 protein, is suitable for 
use as a blocking protein, the segment is tested 

25 using the DNA binding assay described above. If 
the segment binds the E2 DNA binding sequence 
and does not contain any portion of the N-terminal 
segment of an E2 protein, it is suitable for use as a 
blocking protein without further screening because 

30 the fragment will not have transcription enhance- 
ment activity. 

tf the tested segment also contains part of the 
N-terminal segment of an E2 protein, the segment 
should be tested further, e.g., according to the 

35 general methods described in Spalholz et al., 
supra , to determine if the segment lacks transcrip- 
tion enhancement activity. For example, the DNA 
that encodes the tested segments is linked to a 
suitable promoter, e.g., SV40 or a retroviral LTR, 

40 and cotransfected into a suitable cell line (e.g., CV- 
1 cells) along with the E2 binding site linked to an 
indicator gene (e.g., CAT gene). The cell line will 
produce the segment being tested, and the seg- 
ment will bind to the E2 binding site. If the seg- 

45 ment includes the portion of the N-terminal E2 
segment that is responsible for transcription en- 
hancement activity, the CAT gene will be ex- 
pressed, and the segment is not suitable for use as 
a blocking protein. If the segment lacks the portion 

so of the N-terminal E2 segment that is responsible 
for the enhancement activity, the gene will not be 
expressed, and the segment is suitable for use as 
a blocking protein. 

A specific example of a blocking protein is the 

55 BPV-1 E2 protein segment described above. 
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Use 

An oligonucleotide having a DNA sequence 
within the above formula is able to bind to any 
papillomavirus E2 protein in vivo . Celts infected 
with a papillomavirus can be saturated with the 
oligonucleotide to bind the E2 protein produced by 
that papillomavirus and prevent the protein from 
interacting with viral DNA and enhancing viral gene 
expression, resulting in the inhibition of the expres- 
sion of the virus. 

The oligonucleotides can be provided in phar- 
maceutical^ acceptable media to be applied to 
regions infected by the papilloma virus, or for injec- 
tion into an animal. They are especially useful for 
application to a human wart. The oligonucleotides 
must be at least 12-14 nucleotide bases in length; 
for external application, e.g., to a wart the 
oligonucleotides should not have more than about 
200 base pairs (more preferably no more than 100 
base pairs, most preferably no more than 50 base 
pairs), or the molecules will not penetrate the skin. 
The oligonucleotides may be either free in solution, 
or ligated to the DNA of a non-pathogenic virus for 
transfection into an infected cell. Alternatively, a 
small amount (e.g., about 0.1-10ug) of an 
oligonucleotide preparation (e.g., the 
oligonucleotide dissolved in DMSO and/or saline) 
may be allowed to penetrate viral infected cells 
(e.g., by the method described in 82 P. Nat. Acad. 
Sci. 2781 (1986)) by applying the preparation to an 
infected region; preferably in the preparation con- 
tains EDTA to prevent nuclease activity. 

Peptides containing a papillomavirus E2 pro- 
tein^ binding domain (but not the transcription 
enhancement domain) can also be used to inhibit 
the growth and expression of a papillomavirus. The 
peptide can be introduced into viral-infected cells 
so that it can bind to the E2 DNA binding sites and 
prevent native E2 protein from binding. A peptide 
containing the binding domain of any E2 protein 
can be used to treat any papillomavirus infection 
The peptides can be dissolved in a pharmacologi- 
cally acceptable buffer and applied to infected 
cells. DMSO and EDTA can be used to help the 
uptake of the peptide and to inhibit protease deg- 
radation. Alternatively, the peptide can be fused 
chemically, or by standard genetic engineering 
techniques, to a cell specific receptor peptide, e.g., 
epidermal growth factor, so that the peptide is 
more readily taken up by cells. Further, the peptide 
may also be fused to a nuclear targeting sequence 
(see 7 Mol. & Cell. Bio. 2451 (1987); 39 Cell 499 
(1984); 46 Cell 575 (1986); 6 Mol. & Cell. Bio. 4136 
(1986); 3Vjl Nature 33 (1984)) so that the E2- 
protein fragment is transported to the cell nucleus 
where it can inhibit viral growth. Preferably, the 
peptides are applied in the range of 1-1,000 ug per 



kg animal, or at 1-1,000ug/ml when used topically. 

Other embodiments are within the following 
claims. 

5 Claims 

Claims for the following Contracting States : 
AT, BE, CH, DE, FR, GB, IT, LI, LU, NL, SE 

1. A composition for inhibiting the growth of a 
70 virus, the DNA of which comprises the nucleic 

acid sequence VACCXNNNPyCGGTXYS*. 
wherein each of N. X and Y independently 
represents any nucleotide, and Py indepen- 
dently represents C or T. said nucleic acid 

is sequence being capable of binding to a protein 

encoded by the DNA of the virus, said protein, 
upon binding to the nucleic acid sequence, 
being capable of causing the enhancement of 
the transcription of DNA of the virus, 

20 the composition comprising a substance 

for inhibiting said protein from binding to said 
nucleic acid sequence to repress the transcrip- 
tion of DNA of the virus to inhibit the growth of 
the virus. 

25 

2. A composition as claimed in claim 1 charac- 
terised in that the substance comprises a nu- 
cleic acid of at least 14 base pairs that has a 
14 base pair region of at least 80 percent 

30 homology with the nucleic acid sequence, the 

nucleic acid fragment being capable of binding 
to the protein and thereby preventing the pro- 
tein from binding to the nucleic acid sequence. 

35 3. A composition as claimed in claim 2 charac- 
terised in that the nucleic acid comprises the 
sequence 5'ACCXNNNPyCGGTXY3\ wherein 
each of N, X and Y independently represents 
any nucleotide and Py represents C or T. 

40 

4. A composition as claimed in claim 2, charac- 
terised in that the nucleic acid comprises the 
sequence 3TGGVNNNPuGCCAVW5\ wherein 
each N, V and W is independently, any 

45 nucleotide and Pu is G or A. 

5. A composition as claimed in any one of claims 
2 to 5 characterised in that the nucleic acid 
comprises 200 base pairs of less. 

50 

6. A composition as claimed in any one of claims 
1 to 5 characterised in that the virus is a 
papillomavirus. 

55 7. A composition as claimed in any one of claims 
1 to 6 characterised in that the protein a a 
papillomavirus E2 protein. 
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3. A process as claimed in claim 2 characterised 
in that the nucleic acid comprises the se- 
quence 5'ACCXNNNPyCGGTXY3\ wherein 
each of N, X and Y independently represents 
any nucleotide and Py represents C or T. 



8. A composition as claimed in claim 1 charac- 
terised in that the substance comprises a bloc- 
king protein that has an amino acid sequence 
that is at least 80% homologous to a segment 
of the C-terminal 135 amino acids of an E2 6 
protein, the blocking protein being capable of 
binding the nucleic acid sequence without 
causing an enhancement of said transcription, 
thereby preventing the protein encoded by the 
DNA of the virus from binding. w 



9. The use of a substance which inhibits a protein 
from binding to a nucleic acid sequence to 
repress the transcription of DNA of the virus to 
inhibit the growth of the virus, in the prepara- 
tion of an agent for inhibiting the growth of a 
virus, the DNA of the virus comprising the 
nucleic acid sequence 5'ACCXNNNPyCGG- 
TXY3' wherein each N, X and Y independently 
represent any nucleotide and P represents C 
or T, the nucleic acid sequence being capable 
of binding to a protein encoded by the DNA of 
the virus, the protein upon binding to the nu- 
cleic acid sequence, being capable of causing 



in that the substance comprises a nucleic acid 
of at least 14 base pairs that has a 14 base 
pair region of at least 80 percent homology 
with the nucleic acid sequence, the nucleic 
acid fragment being capable of binding to the 
protein and thereby preventing the protein 
from binding to the nucleic acid sequence. 



4. A process as claimed in claim 2, characterised 
in that the nucleic acid 4 comprises the se- 
quence STGGVNNNPuGCCAVWS', wherein 
each N, V and W is independently, any 
nucleotide and Pu is G or A. 

5. A process as claimed in any one of claims 2 to 
5 characterised in that the nucleic acid com- 

15 prises 200 base pairs of less. 

6. A process as claimed in any one of claims 1 to 

5 characterised in that the virus is a papil- 
lomavirus. 

20 

7. A process as claimed in any one of claims 1 to 

6 characterised in that the protein a a papil- 
lomavirus E2 protein. 

8. A process as claimed in claim 1 characterised 
in that the substance comprises a blocking 
protein that has an amino acid sequence that 
is at least 80% homologous to a segment of 
the C-terminal 135 amino acids of an E2 pro- 
tein, the blocking protein being capable of 
binding the nucleic acid sequence without 
causing an enhancement of said transcription, 
thereby preventing the protein encoded by the 
DNA of the virus from binding. 

9. The use of a substance which inhibits a protein 
from binding to a nucleic acid sequence to 
repress the transcription of DNA of the virus to 
inhibit the growth of the virus, in the prepara- 
tion of an agent for inhibiting the growth of a 
virus, the DNA of the virus comprising the 
nucleic acid sequence 5*ACCXNNNPyCGG- 
TXY3 f wherein each N, X and Y independently 
represent any nucleotide and P represents C 
or T, the nucleic acid sequence being capable 
of binding to a protein encoded by the DNA of 
the virus, the protein upon binding to the nu- 
cleic acid sequence, being capable of causing 
the enhancement of the transcription of DNA of 
the virus. 

PatentansprUche 

Patentanspriiche fur folgende Vertragsstaaten 
: AT, BE, CH, DE, FR, GB, IT, LI, LU, NL, $E 

1. Zusammensetzung zur Hemrnung des Wachs- 
tums eines Virus, dessen DNA die Nucleinsau- 
resequenz 5 f ACCXNNNPyCGGTXY3' umfaBt, 



the enhancement of the transcription of DNA of 25 
the virus. 

Claims for the following Contracting States : 
ES, GR 

30 

1. A process for the preparation of a composition 
for inhibiting the growth of a virus, the DNA of 
which comprises the nucleic acid sequence 
5'ACCXNNNPyCGGTXY3\ wherein each of N, 
X and Y independently represents any 35 
nucleotide, and Py independently represents C 
or T t said nucleic acid sequence being capable 
of binding to a protein encoded by the DNA of 
the virus, said protein, upon binding to the 
nucleic acid sequence, being capable of caus- 40 
ing the enhancement of the transcription of 
DNA of the virus, 

the process comprising admixing a sub- 
stance for inhibiting said protein from binding 
to said nucleic acid sequence to repress the 45 
transcription of DNA of the virus to inhibit the 
growth of the virus with a pharmaceutical^ 
acceptable medium. 

2. A process as claimed in claim 1 characterised so 
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worin jedes von N t X und Y unabhangig ir- 
gendein Nucleotid darstellt und Py unabhangig 
C oder T darstellt, wobei die Nucleinsaurese- 
quenz imstande ist, an ein Protein zu binden, 
das von der DNA des Virus kodiert wird, wobei 
das Protein nach der Bindung an die Nuclein- 
sauresequenz imstande ist, eine Verstarkung 
der Transkription der. DNA des Virus zu bewir- 
ken. wobei die Zusammensetzung eine Sub- 
stanz zur Hemmung der Bindung des Proteins 
an die Nucleinsauresequenz umfaBt, um die 
Transkription der DNA des Virus zur Hemmung 
des Viruswachstums zu unterdrucken. 

2. Zusammensetzung nach Anspruch 1, dadurch 
gekennzeichnet, dafl die Substanz eine Nu- 
cleinsaure mit zumindest 14 Basenpaaren um- 
faBt, die eine Region mit 14 Basenpaaren mit 
zumindest 80-prozentiger Homologie mit der 
Nucleinsauresequenz besitzt, wobei das Nu- 
cleinsaurefragment zur Bindung an das Protein 
imstande ist und dadurch verhindert, dafl das 
Protein an die Nucleinsauresequenz bindet. 

3. Zusammensetzung nach Anspruch 2, dadurch 
gekennzeichnet, dan die Nucleinsaure die Se- 
quenz 5*ACCXNNNPyCGGTXY3' umfaBt, worin 
jedes von N, X und Y unabhangig irgendein 
Nucleotid darstellt und Py unabhangig C oder 
T darstellt. 

4. Zusammensetzung nach Anspruch 2, dadurch 
gekennzeichnet, daB die NucleinsSure die Se- 
quenz 3TGGVNNNPuGCCAVW5* umfaBt, wor- 
in jedes von N, V und W unabhangig irgendein 
Nucleotid darstellt und Pu gleich G oder A ist 

5. Zusammensetzung nach einem der Anspruche 
2 bis 5, dadurch gekennzeichnet, daB die Nu- 
cleinsaure 200 Basenpaare oder weniger um- 
faBt. 

6. Zusammensetzung nach einem der Anspruche 
1 bis 5, dadurch gekennzeichnet, daB das Vi- 
rus ein Papillomavirus ist. 

7. Zusammensetzung nach einem der Anspruche 
1 bis 6, dadurch gekennzeichnet, daB das Pro- 
tein ein Papillomavirus E2 Protein ist. 

8. Zusammensetzung nach Anspruch 1, dadurch 
gekennzeichnet, daB die Substanz ein blockie- 
rendes Protein umfaBt, das eine Aminosaure- 
sequenz aufweist, die zumindest zu 80% mit 
einem Segment der C-terminalen 135 Amino- 
sauren eines E2 Proteins homolog ist, wobei 
das blockierende Protein imstande ist die Nu- 
cleinsauresequenz zu binden, ohne eine Ver- 



starkung der Transkription zu bewirken. wo- 
durch eine Bindung des von der DNA des 
Virus kodierten Proteins verhindert wird. 

s 9. Verwendung einer Substanz, die ein Protein an 
der Bindung an eine Nucleinsauresequenz 
hemmt, um die Transkription einer DNA des 
Virus zur Hemmung des Viruswachstums zu 
unterdrucken, in der Herstellung eines Mittels 

10 zur Wachstumshemmung eines Virus, wobei 

die DNA des Virus die Nucleinsauresequenz 
5'ACCXNNNPyCGGTXY3' umfaBt, worin jedes 
von N, X und Y unabhangig irgendein Nucleo- 
tid darstellt und Py C oder T darstellt, wobei 

T5 die Nucleinsauresequenz imstande ist, an ein 

Protein zu binden, das von der DNA des Virus 
kodiert wird, wobei das Protein nach der Bin- 
dung an die Nucleinsauresequenz imstande 
ist, eine Verstarkung der Transkription der 

20 DNA des Virus zu bewirken. 

Patentanspruche fiir folgende Vertgragsstaa- 
ten : ES, GR 

25 1. Verfahren zur Herstellung einer Zusammenset- 
zung zur Hemmung des Wachstums eines Vi- 
rus, dessen DNA die Nucleinsauresequenz 
S'ACCXNNNPyCGGTXYS* umfaBt, worin jedes 
von N, X und Y unabhangig irgendein Nucleo- 

30 tid darstellt und Py unabhangig C oder T dar- 

stellt, wobei die Nucleinsauresequenz imstan- 
de ist, an ein Protein zu binden, das von der 
DNA des Virus kodiert wird, wobei das Protein 
nach der Bindung an die Nucleinsauresequenz 

35 imstande ist, eine Verstarkung der Transkrip- 

tion der DNA des Virus zu bewirken, wobei das 
Verfahren das Vermischen einer Substanz zur 
Hemmung der Bindung des Proteins an die 
Nucleinsauresequenz, um die Transkription der 

40 DNA des Virus zur Hemmung des Viruswachs- 

tums zu unterdrucken, mit einem pharmazeuti- 
sche vertraglichen Medium umfaBt. 

2. Verfahren nach Anspruch 1, dadurch gekenn- 
45 zeichnet, daB die Substanz eine Nucleinsaure 

mit zumindest 14 Basenpaaren umfaBt, die 
eine Region mit 14 Basenpaaren mit zumin- 
dest 80-prozentiger Homologie mit der Nu- 
cleinsauresequenz besitzt wobei das Nuclein- 
50 saurefragment zur Bindung an das Protein im- 

stande ist und dadurch verhindert, daB das 
Protein an die Nucleinsauresequenz bindet. 

3. Verfahren nach Anspruch 2, dadurch gekenn- 
55 zeichnet, daB die Nucleinsaure die Sequenz 

5'ACCXNNNPyCGGTXY3' umfaBt, worin jedes 
von N, X und Y unabhangig irgendein Nucleo- 
tid darstellt und Py unabhangig C oder T dar- 
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stellt. 

4. Verfahren nach Anspruch 2, dadurch gekenn- 
zeichnet, dafl die Nucleinsaure die Sequenz 
3'TGGVNNNPuGCCAVW5* umfaBt. worin je- 
des von N, V und W unabhangig irgendein 
Nucleotid darstellt und Pu gleich G oder A ist. 

5. Verfahren nach einem der Anspruche 2 bis 5, 
dadurch gekennzeichnet, daB die Nucleinsaure 
200 Basenpaare oder weniger umfaBt. 

6. Verfahren nach einem der Anspruche 1 bis 5, 
dadurch gekennzeichnet, daB das Virus ein 
Papillomavirus ist. 

7. Verfahren nach einem der Anspruche 1 bis 6, 
dadurch gekennzeichnet, daB das Protein ein 
Papillomavirus E2 Protein ist. 

8. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, daB die Substanz ein blockierendes 
Protein umfaBt, das eine Aminosauresequenz 
aufwetst die zumindest zu 80% mit einem 
Segment der C-terminalen 135 Aminosauren 
eines E2 Proteins homolog ist, wobei das blok- 
kierende Protein imstande ist, die Nucleinsau- 
resequenz zu binden, ohne eine Verstarkung 
der Transkription zu bewirken, wodurch eine 
Bindung des von der DNA des Virus kodierten 
Proteins verhindert wird. 

9. Verwendung einer Substanz, die ein Protein an 
der Bindung an eine Nucleinsauresequenz 
hemmt, urn die Transkription einer DNA des 
Virus zur Hemmung des Viruswachstums zu 
unterdrucken, in der Herstellung eines Mittels 
zur Wachstumshemmung eines Virus, wobei 
die DNA des Virus die Nucleinsauresequenz 
5 , ACCXNNNPyCGGTXY3 , umfaBt. worin jedes 
von N, X und Y unabhangig irgendein Nucleo- 
tid darstellt und Py C oder T darstellt, wobei 
die Nucleinsauresequenz imstande ist, an ein 
Protein zu binden, das von der DNA des Virus 
kodiert wird, wobei das Protein nach der Bin- 
dung an die Nucleinsauresequenz imstande 
ist, eine Verstarkung der Transkription der 
DNA des Virus zu bewirken. 

Revendications 

Revendications pour les Etats contractants 
sulvants : AT, BE, CH, DE, FR, GB, IT, LI, LU, NU 
SE 

1. Composition d'inhibition de la croissance d'un 
virus, I'ADN de celui-ci comprend la sequence 
d'acide nucleique 5'ACCXNNNPyCGGTXY3\ 
ou chaque N, X et Y repre*sente independam- 



ment un quelconque nucleotide et Py repre- 
sente independamment C ou T, la sequence 
d'acide nucleique etant capable de fixer une 
proteine codee par PADN du virus, la proline, 

s par fixation a la sequence d'acide nucleique. 

est capable de provoquer Pamplification de la 
transcription de I'ADN du virus, la composition 
comprenant une substance" pour inhiber la fixa- 
tion de la proline sur la sequence d'acide 

io nucleique, pour reprimer la transcription de 

I'ADN du virus, pour inhiber la croissance du 
virus. 

2. Composition suivant la revendication 1, carac- 
75 teVise*e en ce que la substance comprend un 

acide nucleique d'au moins 14 paires de ba- 
ses, qui possede une region de 14 paires de 
bases d'au moins 80% d'homologie avec la 
sequence d'acide nucleique, le fragment d'aci- 
20 de nucleique etant capable de se fixer a la 

proteine et done, de prevenir la fixation de la 
proteine a la sequence d'acide nucleique. 

3. Composition suivant la revendication 2, carac- 
25 teris£e en ce que I'acide nucleique comprend 

la sequence SWCCXNNNPyCGGTXYS', oCi 
chaque N, X et Y represente independamment 
un quelconque nucleotide et Py represente C 
ou T. 

30 

4. Composition suivant la revendication 2, carac- 
teris£e en ce que I'acide nucleique comprend 
la sequence 3TGGVNNNPuGCCAVW5\ oCi 
chaque N, V et W represente independamment 

35 un quelconque nucleotide et Pu represente G 

ou A. 

5. Composition suivant I'une quelconque des re- 
vendications 2 a 5, caracterisee en ce que 

40 I'acide nucleique comprend 200 paires de ba- 

ses ou moins. 

6. Composition suivant I'une quelconque des re- 
vendications 1 a 5, caracterisee en ce que le 

45 virus est un papillomavirus. 

7. Composition suivant Tune quelconque des re- 
vendications 1 a 6,, caracteYise'e en ce que la 
proteine est une proteine E2 de papillomavirus. 

50 

8. Composition suivant la revendication 1, carac- 
terisee en ce que la substance comprend une 
proteine de blocage, qui possede une sequen- 
ce d'acide amine qui a au moins 80% d'homo- 

55 logie avec un segment des 135 acides amines 

C-terminaux d'une proteine E2, la proteine de 
blocage etant capable de se fixer a la sequen- 
ce d'acide nucleique sans provoquer une am- 



10 



19 



EP 0 302 758 B1 



20 



plification de la transcription, prevenant ainsi la 4. 

fixation de la proteine codee par I'ADM du 

virus. 

9. Utilisation d'une substance qui inhibe la fixa- s 
tion d'une proteine a une sequence d'acide 
nucleique pour reprimer la transcription de 
I'ADN du virus pour inhiber la croissance du 5. 
virus, dans la preparation d'un agent d'inhibi- 
tion de la croissance d'un virus, I'ADN du virus w 
comprenant la sequence d'acide nucleique 
5'ACCXNNNPyCGGTXY3\ oli chaque N, X et 
Y represente independamment un quelconque 6. 
nucleotide et Py represente C ou T, la sequen- 
ce d'acide nucleique elant capable de fixer 15 
une proteine codee par I'ADN du virus, la 
proteine, par fixation a ia sequence d'acide 7. 
nucleique, etant capable de provoquer I'ampli- 
fication de la transcription de I'ADN du virus. 

20 

Revendications pour les Etats contractants 8. 
suivants : ES, GR 

1. Procede de preparation d'une composition 
d'inhibition de la croissance d'un virus PADN 25 
de cetui-ci comprend la sequence d'acide nu- 
cleique 5'ACCXNNNPyCGGTXY3\ ou chaque 

N, X et Y represente independamment un 
quelconque nucleotide et Py represente inde- 
pendamment C ou T, la sequence d'acide nu- 30 
cleique etant capable de fixer une proteine 
codee par I'ADN du virus, la proteine, par 9. 
fixation a la sequence d'acide nucleique. est 
capable de provoquer ; I'amplification de la 
transcription de I'ADN du virus, le procede 35 
comprenant le melange d'une substance pour 
inhiber la fixation de la proteine sur la sequen- 
ce d'acide nucleique, pour reprimer la trans- 
cription de I'ADN du virus, pour inhiber la 
croissance du virus, avec un milieu pharma- ao 
ceutiquement acceptable. 

2. Procede suivant la revendication 1, caracterise 
en ce que la substance comprend un acide 
nucleique d'au moins 14 paires de bases, qui 45 
possede une region de 14 paires de bases 
d'au moins 80% d'homologie avec la sequen- 
ce d'acide nucleique, le fragment d'acide nu- 
cleique etant capable de se fixer a la proteine 

et done, de prevenir la fixation de la proteine a so 
la sequence d'acide nucleique. 

3. Procede suivant la revendication 2, caracterise 
en ce que I'acide nucleique comprend la se- 
quence 5'ACCXNNNPyCGGTXY3\ ou chaque 55 
N, X et Y represente independamment un 
quelconque nucleotide et Py represente C ou 

T. 



Procede suivant la revendication 2, caracterise 
en ce que I'acide nucleique comprend la se- 
quence 3'TGGVNNNPuGCCAVW5\ ou chaque 
N, V et W represente independamment un 
quelconque nucleotide et Pu represente G ou 
A. 

Proc£de* suivant I'une quelconque des revendi- 
cations 2 a 5, caracterise en ce que I'acide 
nucleique comprend 200 paires de bases ou 
moins. 

Procede suivant Tune quelconque des revendi- 
cations 1 a 5, caracterise en ce que le virus 
est un papillomavirus. 

Procede suivant Tune quelconque des revendi- 
cations 1 a 6, caracterise en ce que la proteine 
est une proteine E2 de papillomavirus. 

Procede suivant la revendication 1, caracterise 
en ce que la substance comprend une proteine 
de blocage, qui possede une sequence d'acide 
amine qui a au moins 80% d'homologie avec 
un segment des 135 acides amines C-termi- 
naux d'une proteine E2, la proteine de blocage 
etant capable de se fixer a la sequence d'aci- 
de nucleique sans provoquer une amplification 
de la transcription, prevenant ainsi la fixation 
de la proteine codee par I'ADN du virus. 

Utilisation d'une substance qui inhibe la fixa- 
tion d'une proteine a une sequence d'acide 
nucleique, pour reprimer la transcription de 
I'ADN du virus, pour inhiber la croissance du 
virus, dans la preparation d'un agent d'inhibi- 
tion de la croissance d'un virus, I'ADN du virus 
comprenant la sequence d'acide nucleique 
5'ACCXNNNPyCGGTXY3\ ou chaque N, X et 
Y represente independamment un quelconque 
nucleotide et Py represente C ou T, la sequen- 
ce d'acide nucleique etant capable de fixer 
une proteine codee par I'ADN du virus, la 
proteine. par fixation a la sequence d'acide 
nucleique, est capable de provoquer I'amplifi- 
cation de la transcription de I'ADN du virus. 
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VIRUS 


LOCATION 


NUCLEOTIDES 


SEQUENCE 


BPVl 


URR 


I 


7375-7362 


ACCG CCC CCGGTCC 


BPV1 


URR 


Ha 


7620-7633 


ACCG CCA TCGCTGC 


BPVl 


URR 


lib 


7645-7632 


ACCT ATA TCGCTGC 


BPVl 


URR 


Ilia 


7760-7772 


ACCG TTG CCGGTCG 


BPVl 


ITRR 


IIIB 


77B0-7793 


ACCG TCT TCGCTGC 


BPVl 


URR 


IV 


7906-7893 


ACCG CTT TCGCTCA 


BPVl 


E2 




3088-3101 


ACCA TGG CCCCTGC 


HP VI 6 


URR 


la 


35-48 


ACCG AAA TCGCTTG 


HPV16 


URR 


lb 


46-33 


ACCG ATT TCCGTTA 



FIGURE 3 
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FIGURE 4 



amino 410 (BPV) 297 135 110 10 1 
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